The fermentation products and bacterial population in the rumen were examined in an experiment designed as a 5 x 5 Latin square, with five Holstein heifers fed five rations differing in ratios of rolled barley to hay (1:0, 3:1, 1:1, 1:3, and 0: 1). The proportion of volatile fatty acids (VFA) in the rumen changed drastically when the percentage of barley exceeded 75%. The total and viable counts of rumen bacteria were higher with a high-barley diet. Selenomonas ruminantium, anaerobic lactobacilli, Peptostreptococcus, and Bi fidobacterium were most prevalent in the rumen of heifers fed an all-barley diet. Succinivibrio dextrinosolvens was most frequently isolated from animals fed a ratio of 3: 1 barley to hay. On the other hand, Butyrivibrio, Ruminococcus, and Bacteroides ruminicola were the most numerous of the bacteria from heifers fed a high proportion of hay. Also, the relationship between the bacteria dominant with each ration and their activities are discussed.
The fermentation products and bacterial population in the rumen were examined in an experiment designed as a 5 x 5 Latin square, with five Holstein heifers fed five rations differing in ratios of rolled barley to hay (1:0, 3:1, 1:1, 1:3, and 0: 1). The proportion of volatile fatty acids (VFA) in the rumen changed drastically when the percentage of barley exceeded 75%. The total and viable counts of rumen bacteria were higher with a high-barley diet. Selenomonas ruminantium, anaerobic lactobacilli, Peptostreptococcus, and Bi fidobacterium were most prevalent in the rumen of heifers fed an all-barley diet. Succinivibrio dextrinosolvens was most frequently isolated from animals fed a ratio of 3: 1 barley to hay. On the other hand, Butyrivibrio, Ruminococcus, and Bacteroides ruminicola were the most numerous of the bacteria from heifers fed a high proportion of hay. Also, the relationship between the bacteria dominant with each ration and their activities are discussed.
Several reports about microflora in the rumen of ruminants fed on various kinds of rations have been published (1) (2) (3) (4) (5) . However, the relationship between microflora and feed has not been made clear because many different factors influence establishment of microflora in the rumen. Therefore, this study was designed to investigate the effect of various roughage-to-concentrate ratios on the constitution of bacteria in heifer rumen, and to ascertain the predominant species related to the metabolic pathways from carbohydrate to volatile fatty acids (VFA).
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MATERIALS AND METHODS
Animals and feeding regimes. Five Holstein heifers, 15 months of age and weighing approximately 300 kg, were used. Each heifer was fitted with a permanent cannula in the rumen. Rolled barley and orchard grass hay were used for concentrate and roughage, respectively. The ratios of hay to barley were adjusted to the 5 levels 1: 0, 3: 1, 1: 1,1: 3, and 0: 1, with one animal allotted to each level. Each animal was fed a daily amount equal to 7 kg of air-dry feed matter divided into two equal 9 a.m. and 9 p.m. feedings. The experimental design was a 5 x 5 Latin square arrangement. Each period of the Latin square was 5 weeks. Mineral lick and water were provided to each animal ad libitum. The orchard grass hay used in each period differed in its harvesting stage. The chemical composition and digestibilities of the feeds are shown in Table 1 .
Sampling method. Rumen content samples from each heifer were taken with a vacuum pump through the cannula just before morning feeding on the 30th day of each period. These samples were filtered through a single layer of gauze and used for VFA analysis and bacterial examination.
Total and differential counting of rumen bacteria by microscopic examination. A part of the rumen fluid collected was blended with an equal amount of saline solution containing 20°c formalin (v/v), and held at 4°C until the next treatment. Each of the blends was then mixed with an equal amount of ovine erythrocyte suspension (fixed with a 4% HgCl2 solution, then washed with a saline solution containing 100 formalin, and adjusted to 2 x 109 cells/ml). The mixture was diluted with a 0.100 agar solution in 5-10-fold amounts to prepare a gram film in which the total bacterial counts were calculated from the number of bacteria per individual ovine erythrocyte. At the same time, differential counts of bacteria in the gram films were made on the basis of gram reaction and morphology.
Enumeration of viable anaerobic rumen bacteria by culture method. Anaerobic culture techniques and inoculum dilution methods were similar to those described by BRYANT and BURKEY (1) . Two types of nonselective media for total viable counts were prepared; namely Medium 98-5 reported by BRYANT and RoBINSON (3), and Medium 10 described by CALDWELL and BRYANT (6) slightly modified by adding 0.05% maltose. After 1 week of incubation, the colonies appearing in the rolled tubes were counted. Amylolytic bacteria were estimated from Medium 10 containing 100 starch as the only carbohydrate source. After the inoculated medium was incubated for 2-3 days at 38°C, the colonies surrounded by a zone cleared of iodine reaction were counted as amylolytic bacteria. Lactate fermenter and anaerobic lactobacilli were estimated by the methods reported by LATHAM et al. (5). Cellulolytic bacteria were estimated by the cellulose roll-tube method described by HOBSON and MANN (7). After 2 weeks of incubation, the colonies surrounded by a zone cleared of cellulose were counted as cellulolytic bacteria. The number of Selenomonas ruminantium was counted using the medium reported by TIWARI et al. (8) .
Primary identification of rumen bacteria isolated. From roll tubes of Medium 98-5 used for total viable counts of each ration for each period, approximately 25 colonies were selected as randomly as possible. Bacteria thus isolated were examined for their gram reaction, motility, oxygen relation, final pH in 1 % broth of sugar, H2S production, starch and cellulose hydrolysis, and organic acid production from maltose, cellobiose, xylose, and glucose. All bacteria were tested for utilization of the carbohydrates mentioned above. Starch hydrolysis was determined by adding Gram's iodine solutions to the week-old cultures. Cellulose hydrolysis was determined by observing the visible loss of the cellulose powder from tubes of the rumen fluid-cellulose broth after 2 weeks of incubation. Acid production from these carbohydrates was detected by measuring the concentration of organic acids after determining the pH of 1-week-old broth cultures. Some of the bacteria isolated were also measured for acid production from lactate and for hemin requirement. Primary identification was carried out according to the VP! Manual (9) and Bergey's Manual of Determinative Bacteriology (10) . Organic acids such as volatile fatty acids (VFA), lactic acid, and succinic acid were analyzed using the gas chromatography methods reported by OsHlo et al. (11) .
RESULTS
Relationship between VFA concentration and composition in the rumen fluid and feeds
The mean pH and VFA concentrations and proportions in the rumen of animals fed on each ration are shown in Table 2 . The pH and VFA concentrations were significantly (p <0.01) affected not only by rations but also by individual animals. However, significant effects on VFA composition were recognized only in the rations.
Effect of feeds on the counts of rumen bacteria
The total and viable counts of rumen bacteria on the five rations are presented in Table 3 as mean values of the common logarithms. There was no significant effect of-period or animals, but the effect of feed was significant in all media examined. The maximum count of total bacteria was 3 x 1010/ml on the all-barley diet. The lowest value was 1 x 1010/ml, with the 1:1 ration. The same tendency appeared in total viable counts, though the counts with Medium 98-5 were consistently higher than those with Medium 10. The highest viable count as percentage of total count (40%) occurred with the all-barley diet. The number of amylolytic bacteria with each ration varied in proportion to the viable count and constituted 4050° of the viable count. Selenomonads, anaerobic lactobacilli, and lactate fermenters increased with increase in barley content, about 109/ml for the all-barley diet and about 10'/ml for the hay-only diet. Conversely, cellulolytic bacteria increased with increased hay content to 6 x 10'/ml on the all-hay diet.
Utilization of carbohydrates by the bacteria isolated
The percentages of bacteria fermenting certain specific carbohydrates are shown in Table 4 . The percentages in number of bacteria fermenting starch, maltose, and glucose increased with the proportion of barley. The percentages of bacteria fermenting cellulose and cellobiose, on the contrary, increased as the proportion of hay became greater. The bacteria producing acids more strongly from maltose than from glucose, shown as maltose-glucose-6-P, or those producing acids from xylose had no regular tendency with regard to feeds. They maintained constant proportions.
VFA production of the bacteria isolated
The percentages of bacteria producing certain kinds of organic acids from carbohydrates are shown in Table 5 . The percentage of bacteria producing acetic or propionic acid was not significantly affected by feeds, maintaining fairly constant values of about 70 and 20%, respectively. However, butyric acid producing bacteria increased significantly (p <0.05) with the addition of hay. The bacteria producing lactic acid remained constant at 40°c with all of the rations except the extremely high percentage of 80°c with the all-barley diet. The percentage of succinic acidproducing bacteria remained unchanged with all of the rations. Species of bacteria isolated from the rumen Table 6 shows the constitution of bacteria isolated from the rumen of animals fed each ration. Bacteroides ruminicola, non-motile gram-negative rods producing mainly acetic and succinic acids from carbohydrates, was the most prevalent anaerobic species with the rations containing hay. Bacteroides succinogenes, having cellulolytic ability, occurred only in animals fed rations containing hay. Bacteroides amylophilus, utilizing maltose and starch, tended to appear more as the ratio of barley to hay was 1:1. Only two strains of Bacteroides hypermegas were isolated and these were from the rumen of the animals fed a high proportion of hay. Selenomonas ruminantium tended to become numerous with increases in barley content. Butyrivibrio fibrisolvens significantly (p <0.01) increased as the proportion of hay increased. Succinivibrio dextrinosolvens, oddly, was isolated at the highest percentage from the rumen of animals fed the 3: 1 barley-to-hay ratio. One strain of Succinomonas amylolytica was isolated only with the 3:1 barley-to-hay ratio. Lactobacillus was much more abundant from the rumen of animals fed the allbarley diet than from any others. Bifidobacterium strains resembling B, the rmophilus were predominant in the rumen of animals fed barley only. Most of Peptostreptococcus strains were divided mainly into two groups: a large-chained Table  6 . Kinds of rumen bacteria in relation to feeds.
coccus group resembling P. productus, which was isolated mainly from the rumen of heifers on the all-barley diet, and a small-chained coccus group like P. intermedius, which were isolated in greater numbers from the rumen of animals on high roughage diets. The Streptococcus strains consisted mainly S. bovis. They occurred more numerously in the rumen of animals fed a high proportion of barley. Fusobacterium was associated with high-roughage diets. Clostridium strains were isolated fairly independent of feed variations and kept a constant percentage in all rations. The four strains of Eubacterium, isolated from the rumen of animals fed all-barley diets, were different from those on high-roughage diets. They produced valeric and caproic acids with butyric acid from starch, maltose, and glucose. Many of the strains of Eubacterium, from animals on high-roughage diets, were presumed to be E. ruminantium. Strains of Ruminococcus with cellulolytic ability increased significantly (p <0.05) in number with increased hay content. R. albus appeared to be more abundant than R. flavefaciens. However, the two species had similar responses to feed changes. Only one strain of Megasphaera elsdenii was isolated from the rumen of the animal fed a 3: 1 barley-to-hay diet. It utilized lactic acid only.
Composition of the bacteria classified by morphology
The bacterial composition, classified by morphology and gram reaction, is shown for each ration in Fig. 1 . The percentage of gram-positive bacteria was not affected by feeds and stayed at about 10% for all rations. However, other groups were significantly affected (p <0.01) by feed. Gram-variable paired or chained cocci tended to increase with the barley proportion, 5 % for hay only and 13°c for barley only. Gram-negative cocci, most of which were composed of small forms less than 0.5 ,um in diameter, increased with increase in hay content. They constituted about a half of the total counts when the percentage of hay increased over 50%. Gramnegative rods, in contrast, rose in percentage with increased barley proportion, and exceeded half of the total on the all-barley diet. The gram-negative curved rods were separated into two groups, namely, Selenomonas-like and Butyrivibrio-like. The Selenomonas-like organisms increased in percentage with the increment of barley proportion but the Butyrivibrio-like organisms decreased. The percentages of Selenomonas-and Butyrivibrio-like organisms varied within 0.8-6.9°c and 1.6-6.1 ranges, respectively. The percentage of gram-negative S-shaped rods, mostly similar to Succinivibrio, reached maximum, 6.5%, on the 3: 1 barley-to-hay ration.
DISCUSSION
Relationship between the bacterial number in the rumen and the feeds The number of rumen bacteria are supposed to fluctuate around the point of equilibrium between natural increase and attrition. Total counts of bacteria may be influenced by nutritional competition with protozoa, predatory action upon them, and outflow from the rumen. It has been reported by several workers (12) (13) (14) (15) that the total bacterial count in the rumen is closely related to the concentration of coexisting protozoa. In this experiment, ciliate protozoa had a tendency to increase with the increasing barley content (data not presented). Furthermore, the rumen content outflow rate became highest with the 1:1 barley-to-hay diet (data not presented). These factors may have acted most unfavorably on the bacterial number in the rumen on the 1:1 barley-to-hay diet in this experiment. Some researchers have reported that the viable percentage of total count was greater for highconcentrate than for high-roughage diets (1, 4, 5, 16) , and that this viable rate was lower with a restricted concentrate diet (17) . Similarly, in this experiment, the viable rate dropped to below 10% when hay proportion exceeded one half. Particularly, gram-negative small cocci, which constituted about half of the bacteria seen by microscope, did not appear with high-roughage diets. In this respect, much more work may be required on media or techniques for culturing and isolating organisms from rumen on high-roughage diets. On the other hand, bacteria with distinguishable shape and size, such as Selenomonas, Butyrivibrio, Succinivibrio, or Peptostreptococcus varied similarly with diets in both direct counts by microscope and viable counts by culture. Therefore, the composition of the bacteria isolated from each diet is presumed to fairly reflect the predominant species in the rumen with that diet, though viable percentages changed with feeds.
Predominant bacteria in the rumen of the animals fed a high-concentrate diet
In this experiment, the organisms from animals on the all-barley diet are thought to fairly reflect the real microflora with that ration, because of the higher viable count percentage. The main strains isolated from the rumen on the all-barley diet were Selenomonas, Bifidobacterium, Peptostreptococcus, and Lactobacillus. Since many researchers (1, 4, 5,17) have reported that Selenomonas ruminantium becomes numerous on high-concentrate feeding, this species appears to be one of the most predominant bacteria in the rumen on such feed. Furthermore, it was assumed that many of these species, utilizing lactic and succinic acids, play an important role in lactic acid metabolism on high-concentrate feeding. Also with high-roughage feeding, this organism may be involved in the metabolism of lactic acid, because it is often isolated from the rumen of heifers fed a high proportion of hay. Bifidobacterium was isolated in large numbers from the rumen of the animal fed barley only. Ocm et al. (18) also reported that Bifidobacterium became the most prevalent on high-concentrate feeding, though their culture technique was different from ours. This organism may play an important role in producing acetic acid on high-concentrate feeding, as it produced a large amount of acetic acid and lactic acid. Many gram-variable chained cocci isolated from non-selective medium on the all-barley diet in this experiment had no potential ability to utilize lactic acid and to produce longer-chained VFA such as valeric or caproic acid. They produced mainly acetic and succinic acids. This showed that these chained cocci are similar to Peptostreptococcus rather than Megasphaera elsdenii. This kind of bacterium was reported by WHiTELAW et al. (17) and THOMSON et al. (19) as a gram-variable chained coccus. They were observed in the gram film prepared from the rumen contents of animals fed restricted amounts of barley or a high proportion of concentrate and those in which the rumen pH was kept at relatively high levels. Streptococcus bovis and Lactobacillus are well known to multiply rapidly during rumen acidosis (20) . However, in this study such bacteria were considered inferior under normal rumen conditions even on high-concentrate feeding, because they were not able to predominate in the rumen of animals fed the all-barley diet. Succinivibrio dextrinosolvens was, rather oddly, isolated abundantly from the rumen of animals fed a diet of barley and hay in a 3: 1 ratio. BRYANT and BURKEY (1) also reported that this species was isolated abundantly from the rumen of cows fed a high-concentrate diet. This organism is presumed to grow in the rumen at relatively high pH levels on high-starch diets. Propionibacterium isolated from the all-barley diet in this experiment may play an important role on some occasions on highconcentrate diets as it produced a great amount of propionic acid.
The only organism producing longer-chained VFA such as butyric, valeric, and caproic acids in this experiment was Eubacterium strains isolated from the rumen of heifers on the all-barley feed. Judging from this fact, the main producer of longer chained VFA on the all-barley diet was assumed to be a certain species of Eubacterium. Nevertheless, it was reported that Megasphaera elsdenii was isolated at the level of 109/ml from the rumen on high-concentrate feeding (21) . If the production of longer-chained V FA become higher in the rumen on highconcentrate diet, this species may be the leading organism for producing these acids, as shown by EADIE et al. (4).
Predominant bacteria in the rumen of animals on high-roughage feed Butyrivibrio fibrisolvens, Bacteroides ruminicola, and Ruminococcus were predominant in the rumen of animals fed a high proportion of hay in this experiment. It has been reported that Butyrivibrio fibrisolvens was isolated abundantly from the rumen of animals on high-roughage feed such as cattle grazing ladino clover pasture (22) , steers fed hay (3), cows fed alfalfa, hay or straw (1), and wintering reindeer (23) . This species as well as Bacteroides ruminicola (25) are well known to be able to utilize a wide range of carbohydrates (24) . However, most of the strains of this species isolated in this experiment had scarcely any cellulolytic activity. Although Ruminococcus constituted the largest percentage in number of cellulolytic bacteria in the rumen, the cellulolytic activity of Bacteroides succinogenes was much stronger. Therefore, it was difficult to determine in this experiment which genus of bacteria played a more important role in cellulolytis in the rumen. With diets containing a high proportion of hay in this experiment, certain varieties of Bacteroides ruminicola were the most prevalent organism numerically producing propionic acid. Therefore, it was considered to be, along with Selenomonas ruminantium, one of the most influential bacteria for producing propionic acid on high-roughage feeding. Moreover, l;ubacterium ruminantium may play a certain role in the formation of butyric acid on high-roughage diets, because it was often isolated from the rumen on the high-hay diet in this experiment. Based on the data of this experiment and some of the references mentioned above, the predominant microorganisms relating to the activities producing organic acids from some specific carbohydrates are arranged in Table 7 . The microflora isolated in this experiment is considered to consist mainly of bacteria that are free from solid materials or are associated only with small feed particles, since the rumen fluid samples were taken from the mid rumen and filtered through a layer of gauze. Nevertheless, judging from the types of substrates digested and from the fermentation products, the results are thought to be fairly representative of changes in actual rumen microflora accompanying changes in roughage-to-concentrate ratios. However, as there are some kinds of bacteria associated with different sites such as rumen epithelium (26, 27) or feed particles (26, 28) or protozoa (29) , more work may be required to fully understand the relationship between such organisms and feed. 
